Abstract. New shape memory alloy (Ti-20Nb-10Ta-5Zr) for production of minimally invasive implantation medical devices (cava filter) was tested for static mechanical properties. The material for investigations was wires with different thickness before and after thermal treatment in various conditions and surface mechanical treatment. The structure was investigated on a scanning electron microscope and on a Auger spectrometer. High indicators of strength and ductility were noted. The mechanical treatment of the surface and annealing in vacuum best affect it.
Introduction
Alloys with shape memory effect and superelasticity are now the most interesting in endoscopic implantology-when creating products like "stent" and KAVA-filter. When such devices operating and installing in the body, less destruction of the implant itself and tissue damage are ensured [1] [2] [3] . These properties are best manifested in titanium nickelide, but the composition of this material includes toxic nickel that can influence surrounding tissues directly from the surface of the implant or be released into physiological environments as a result of corrosion, leading to both destruction of the product and to damage of the body [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] . At the same time, it is possible to develop nickel-free alloys with a shape memory effect and superelasticity.
In this paper, the formation and investigation of a nickel-free TiNbTaZr shape memory alloy is considered.
Materials and Methods
Using a five-fold electric arc melting with a non-consumable electrode in an argon atmosphere ingots of an alloy of various compositions with a mass of 60 grams were produced. The starting materials were iodide titanium, tantalum and niobium of high purity. After smelting, the ingots were subjected to homogenization annealing in a vacuum. After the ingot rolled in streams, the workpiece was subjected to rotational forging, dragged to a diameter of 0.28-2.63 mm. Dies heated. As a lubricant used Aquadag. With the accumulation of deformation of 50-70%, the workpiece was subjected to post-deformation annealing.
The structure was investigated on a scanning election microscope (SEM) VEGA II SBU with the module INCA Energy for energy-dispersive analysis (TESCAN, Czech Republic) and on a JAMP-9500F Auger spectrometer (JEOL Co., Japan) in combination with ion etching at argon bombardment under an angle of 30°.
A Ti-20Nb-10Ta-5Zr alloy was chosen for the tests. Structural analyzes confirmed the specified content of elements and their uniform distribution over the sample volume. A 280-µm wire was used for mechanical testing (Table 1) . To stabilize the structure and exploited properties, the finished wire was subjected to thermal treatment at temperatures of 600 and 800 о С in various conditions -in vacuum and on air. The samples annealed in vacuum were cooled together with the furnace (designated as "vacuum"). Samples annealed on air were cooled in two ways -also together with the furnace (labeled "air") or quenching in cold water ("water").
The mechanical treatment (by abrasive paper from 180 to 1000 grit and finally by GOI (State Optical Institute) paste to a mirror surface) of the wire surface was carried out by an abrasive cloth for the removal of flat indentations and defects in the form of dimples after wire drawing. The decrease in the diameter was to 10 µm in comparison with the original.
The mechanical properties of samples with a working part length of 45 mm were determined under the conditions of static stretching on an Instron 3382 universal testing machine with a loading speed of 2 mm/min. The base diameter was used in the calculation of strength properties. Three to five samples were tested per one experimental point. The conventional yield strength σ0.2, the ultimate strength σu, and the relative elongation δ were determined.
Results
The results of mechanical tests are shown in Figures 1-3 . High indexes of strength and plasticity of a thin wire are noted. It can be seen from the figures that when the diameter of the wire decreases to 0.464 mm, the strength and yield strength increase, and then begins to decrease. Plasticity is directly proportional to the thickness of the wire, with a decrease in thickness (increasing the number of drawing operations) relative elongation is reduced. It can be caused by cold hardening during manufacture which leads to strengthening of the surface and so of the material as a whole.
According to the strength and plasticity tests depending on the treatment of the wire (Table 1) , it can be concluded that they are best influenced by mechanical surface treatment and annealing in vacuum, while thermal treatment on air can even lower these parameters. Most likely this is due to the processes of formation of tantalum oxide in the volume of the material, which leads to its embrittlement. Moreover, long-term cooling with the furnace averagedly has a worse effect than quenching in water, presumably because of the longer contact time with the oxygen of the free atmosphere. At the same time, the mechanical characteristics are more sensitive to the temperature of heat treatment followed by quenching in water. As the temperature rises, the strength limit and yield strength increase. Figure 4 shows an example of the composition of the Ti-20Nb-10Ta-5Zr wire surface after mechanical surface treatment. In a surface zone up to 50 nm thick, the formation of a mixed layer of oxides and nitrides as a result of natural adsorption is observed. The presence of carbon in a large quantity is also noticeable, which is associated with mechanical contamination on the surface. Moreover, tantalum and niobium, most likely in the formation of compounds do not participate, since their concentration closer to the surface is reduced to zero, in contrast to titanium and zirconium. Further, up to 100-200 nm deep, there is a transition layer, where the content of nitrogen, oxygen and carbon is smoothly reduced (while the amount of metals increases) to the initial concentration in the alloy. Deeper, the distribution of the elements is observed, which is in good agreement with the calculated concentration obtained from the hitches for melting. 
Summary
A wire of various diameters from a nickel-free shape memory alloy of the Ti-20Nb-10Ta-5Zr composition was obtained and investigated.
High indexes of strength and plasticity of a thin wire are noted. The maximum of strength and yield strength obtained with a wire diameter of 464 mkm, which is associated with the technological features of the multi-stage process -the presence of intermediate heat treatment. It is possible to assume that the addition of this treatment for the production of a thinner wire can enhance its properties.
Plasticity increases proportionally to the wire thickness decrease. The best influence is exerted by mechanical surface treatment and annealing in vacuum. While cooling in air and hardening in water are particularly bad for the plasticity of the material.
